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INTRODUCTION

This proposal presente the preliminary design data for a photo
reconnaissance system for a manned reconnaissance aircraft operating
at 90,000 altitude and at MACH 4.0 velocity. The reconnaissance .
capacity used in the preliminary design data provides for a ca.pa.bility
of approximately one and three:quarters hours of photogram of two types./
(1) A primary or detail reconnaiszance mera vith paramonnt consideration
.~ "for high ifformation content and (2) & precision" mapp" “ camera wit
""’.horixontohorizon emnerage 3 -
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ANALYSIS OF GENERAL DESIGN FACTORS

After preliminary consideration of the vehicle operating range
and mission requirements it has become more and more evident that
the design paramsters of the prinary reconnaissance camera are
covered best by the panoramic camera installation.  From the stand- .
length the. A

Altitude of vehicls - 90,000 feet. s

Velocity of vehicle MACH k(3884 feet/aeeond)

. 8ixty percent overlap of photography

. Lateral angular coversge - 90°.

. Time of photography 1-3/4 hours (6340 seconds)

T. Space configuration as shown in the various figures.

o\\nrwmo-'.

In addition to the above it has been required to provide an
"Index Mapping Camera” cepability with the following requirements: -

Maximun Information Content. _

Altitude of vehicle - 90,000 feet.

Velocity of vehicle MACH 4(3884 feet/second).
Sixty percent overlap.

Lateral angular coverage 180°.

Time of photography 1-3/4% bours (6340 seconds).
Minimum photogremmetric distortion.

Maximum photographic qm.lity.

OO0 FWw N

In the following peges brief descriptions are given of the various
camera instellations which fulfill the primery mission requirements. It
should be understood that in all cases the layouts are of & preliminary
nature and can to & large extend be revised to:suit specific requirements
of the airframe manufacturer.
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TYPES OF PABORAMIC CAMERAS

- The Basic Rotary Panoramic Camera

‘ : The rotary panormic camera utllizes the principle ‘of rotating
. ' . a mirror inclined at an angle of 45° with respect to the axis of = . - . |
- rotation. The entire camera. 1nclud1ng the film magazine rotates it
-+ .about this single a.xis continuoua],y A typical configuration e
%+ drawing'is shown in’figure 1.77It. ean be seen’ from. this figure that’
' this Aype, of. camera is’ desirable vhen' the allocated space resembles

v';torc, any desired angle ‘ot coverage can be accompliahed by properly
: pbuing tho £ilm d.rive Wt and’ d.is-engagement to-"paint” on
- . the appropriate portion of the; target area.. During the remainder -
- " ‘of ‘each rotation or several ‘rotations as the case may be, the film
H - 18 sta.tionn.ry and only a thin omrexposed strip results between
v photographic frames. . _

The edvantage of this type camera, besides its unique space
configuration, is that it can cover any angle of scan desireble by
the simple programming of the film metering drive system. 8ince
the entire camera rotates, representing a relatively large inertia,
the rotational speed cen be made quite smooth and accurate, thereby
permitting & precision velocity command to the film metering drive
system. Also, the power consumption for this type of camers is
relatively low because of the constant speed drive of the majority
of the camers mass.

This type of camere has been developed by Fairchild and it has
proven to be a basically sound, reliable piece of eguipment for
photographic reconnaissance. Techniques have been proven which
permits relisble film handling in spite of the fact that intermittent
film motion demands slack loop control to avoid acceleration and

: deceleration of the film spools. The constantly rotating spoocls are
mandatory in & high acuity rotating penoramic camera to avoid dynamic
reaction that would degrade the photographic image. By using slsck
loops, the masses to be accelerated and decelerated are minor and do
not contribute to any degra.dation of :esolution.
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These slack loops also pemit image motion compensation by
rotating the film and focal plane essembly thru.the desired
sinusoidal motion wvhile the film is moving by focal plane glit.
This motion results in generating the forward motion vector
velocity of the film in exact phase with the V/H value at a.ny '

" instant Qf scan. :

» u. . 1y
S - gga.ge on 8. foce.l 'pla.ne
“.  the fresh une:qaosed film. 911%94.@;310 f.chix

from t.he fact that the

. The principlea of operation of the chimney type panoramic
camera takes advantage of tkn fact that no immge motion exists at
‘the focal plane vhen & lens is rotated. about its nodal point, : .
Hence, the film remsins stationary in the focal plane arc during .
- the photographic scan, resulting in the important adventage of no
. synchronization being necessary. The eccuracy and smoothness of
the lens drive system is not critical since no resolution degradation
results from & relatively crude drive. However, a smooth drive is
desirable from the standpoint of maintaining proper exposure and to
avoid possible banding. . -

As with all penoramic cemerss, the slit width determines the
exposure time and in this case the slit width in conjunction with
the lens angular velocity produces the overall exposure time.

Film bandling is accomplished by intermittent metering of fresh
film into the focal plane arc during either the capped return stroke
of the lens drive or during the portion of the cycle that the lens is
outside the format. loop control is also utilized to pemit continu~
ous rotating of the relatively large spools of film.

Image motion compensation can be achieved readily an this type
of camera by providing a fixed cam near the axis of rotation of the
lens and allowing the lens to move along its axis of rotation while
scanning to provide the necesssry cosine function for proper IMC.

-5
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Feirchild has developed & chimney type panoramic camera which
has proven to be extremely relisble in addition to having inherent
high performance in terms of resolution.

‘l‘ravellng Lena Panoramic Cenera

'I‘he traveling lens panora.mic camera utilizes the pri.nca.ple of o
s “'_moving & lens and slitl assembly along a s}atinnary tihn format

C Rl

get
5 3 . basicf‘conriguration
_.shovi.ng this type of panoramic camem ut.ilizing rotating prism is :

1,’3hmm in’ figure 3.«< Thc ﬁmdamental requireman -this ¢

: -not:‘crlt&ca.l Beca.use 'of.,the atatioﬁary S
R £1ilm, this type of panoramic camera offera similar adva.ntages provided
- ,Jr”,?by the chimnqy type eamera'_ : N o

- The priam is used with theutraveling lens pa.noramic camera when ‘

- the large angles of coverage ere desired, such as horizcn to horizon
capability. A roteting mirror may be substituted for the prism, as
shown in figure 4, for smaller coverage angles. As shown in figures
4, 6, and 7 this techniqua is feasible by providing a dual camera )
insta.l.lation. Additional advantages of the dual cemera installation
may ve realized from the standpoint of reliability and reduction in
film spool sizes. The advantage of using the mirror where applicable
is that the prism has limited resolution capabilities and is also
considerably more expensive and heavier for a given systen. '

e ;,faccurat‘:y of ‘the' linear: drive

Shown in figuwre L is a 24" Baker lens designed specifically for s
panoraxic camera fabricated by Fairchild. 'The anticipated resolution
for this lens in the configuration shown is well above 50 lines/um
AWAR on Plus X film and sbove 100 lines/m AWAR cn a film such as S01213.

Film handling is accomplished in this type of camera by conventionsal
means since it consists of & flat fccal plane with the £ilm stationary
during expcsure. Image moticn compensation can be schieved on this type
of camera by moving the lens prism assembly or lens mirror assembly, as
the case may be, laterally during its scan. Pigure 5 shows an sttempt
to use the traveling lens and mirror approach with the Baker High Acuity
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lens vhich exhibits still higher resolution. It is obvious from the
preliminary sketch that this lens could nbt be utiliged in the estimated
)" space allotted in conjunction with the traveling lens application, how-
ever, coordination with the airframe manufacturer may open up a new
- approach providing a- satisfactory solution. 'Pairchild has developed a
traveling lens and prism pasorsmic camers known as the Index Camers .-
. vhich proved to be & sound and practical’ Approach 5 Thig camera
“ regulted: in high‘ resolution eapacity. in &

'y'.’

5

~lens.and
&wf%@:ﬂ%ﬁ&’fw&w—i

its unique shape.’ . T
the configuration'can’

7 be visualized as a tall,: slen,dpr.am.ngunnt.‘;_yith'pri_sgn,j lens, focal .

Db

plane, and magasine all built up'on top of each other. ' -

As vith the traveling lens panoremic, the prism can be replaced
- " by a mirror for & limited angle of coverage. Two (2) such configurations
‘ » are shown in figures 6 and 7. S8ince the lens is stationary in this type
of penoremic camere the optical path can be folded for convenience as
shown in figure 6, or the lens-film optical path can be simple as shown
in figure 7. The nodding mirror arrangerent is somewhat different from
the rotating prism in that the nodding mirror is bi-directional with the
film stationary during the mirror return stroke. Again only the glit
area becomes over exposed between format frames. p '

8lack loops are used in both configurations of the nodding mirror
approach to permit intermittent, relatively high speed scanning psst a
fixed slit. Again this type of camera image motion compensation may be

accomplished by rocking the focal plane slit and film through the proper
function during acan. , S

€

i
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FIIM FOOTAGE CONSIDERATIORS

During the :Lnitial syatem amlyais for this photographic
. installation a Treviev was made to give inaight to the film_ footage

“'m fila format in fught'directmn'(mms)
Tm 63E00verlap (1-60% = 0.40) . »

(seconds) - 4
focal: length (inchee) o
. lateral-scan angle (radians)
- Conversion factor (inches/foot)

‘resulting in: ‘
a Piln Footage = 89.5 £2 (Slide Rule) | (2)
. : L : - ,
' As can be noted the focal length is & very significant fector in
film footege requirement. The following table indicates the range of

footage as & function of focal length and film width for the condition
orv=383h H = 90,000] T = 6340, 6 = 90°.
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- . Minimum
Pocal Length Film Size  Pormat S8ize (L) Pilm Footage 8pool Diaamster

- : , ‘as
_ 10-15,000 feet of ﬁlm should be placed' 1n an mprobable category because -
of film cpooling and hand.ung clnmcterist:tcs. It chould be noted that some
. " relief on space, film spooling and filn hl.ndling pmblems may be obta.ineds ,'py
: . dual camera insta.lhtions
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. vehicle motion and scanning. operations ‘and’ compensation for all.

U times epe necemry to.limit the mea.r or-bl

’ “'speed £1lm" emuls:l.om parameters: lead in & direction‘ot reduced
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RESOLUTION AND EXPOSURE CONSIDERATIORS

~ The resolution requirements end exposure necessary in a recon-
naissance camera are closely allied functions. Inveriably, the
parameters selected must be a compromise to give the best overall
system efficiency rather than bei.ng able to choose the optimum
condition for each requirement. S8ince imge mtion exiete ‘due. to

¥

‘. these undesirable motions is complex, relatively: short exposure o

during exposure

o] Uith given light conditions of‘a.erial photography, a relatively
'chort- expoaure time demnds a’ large aperture lens"and/or high speed
o tiln:emulaions. Unfortunately, both la.rge apert_ N

";1-',resoluti.on capabuity. £ <. 8 ‘the case, ‘of ‘this" progm 1t has been - -
.t.entetively concluded that the. delivery time for the syst.em prohibita

" new develoments in lenses and film emuleions, it is necessary to °

select the best knomn componento available to arrive at the best
overall reeults.,

%ure Factors

\

In determining the required exposures for the detail reconnaisg-
sance camera, several factors must be taken into consideration.
Among the most important are scene brightness and brightness ratio
at the cemera, spectral distribution of image forming light, film
speed, film spectral sensitivity, film quality capability, shutter

"speed, aperture, film processing, tvime of day, mwonth and cloud cover.

For cnnvenience, each major factor can be considered separately
prior to the discuassion of the interdependence of these factors.

‘a. Brigtness

Scene brightness on the ground is calculated from standard
equations and from experimental data. * Scene brightness

" includes both direct illumination and sky light in the
horizontal plene. Based on the best data available assumed

# 1) 8mithsonian Physical Tables, 9th Revised Edition and
2) Smithsonian Meterological Tables, 6th Revised Edition.

-10-
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average values of 0.1 for atmospheric reflectivity

(no cloud cover), 0.9 for atmospheric transmissivity

and 0.2 for ground reflectivity can be used to complete

the calculation of scene brightnees of a ground target

from above the atmosphere observed. Figure 8 presents
.~this data p&ntted as a function of solar &ltitude

" b. Scene Brightness Ratio

. target contrast vi
' ‘(decreaaing sol

e nHQpectral Diatribution of Igggg_?orming Ligg_»" “'m

‘ At very low and decreaaing solar altitudea the spectrum
R of the direct illumination shifts rapidly towards the
£ - red vhile sky light is still predominately in the blue
region. ' These factors allow the choice of several tech-
- ~ nigques for obtaining photographic information at low solar
altitudes if such becomes an operation requiremnnt.v

-

d. Pilm Characterigtics

1. S8pectral Sensitivities

All films that can be favorably considered ror use in
the proposed csmeras on the basis of speed, quality,
and availability have completely sdequate spectral
sensitivity characteristics.

Quality end Bpeed

At any given time in the state-of-ihe-art of silver hslide
sensitization, image quality capability varies as some inverse function
-of film speed. This fact immedistely presents a balance betwveen film .
quality and speed that must be made in the choice~of a suitable
emulsion since it is necessary to obtain both high quality images and °
the lougesi possibie operalional day.

iy
g'{ .~ ;‘

-1 -
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C_&mgutation of System Quality as a l?unction of Length of Operationa.l Day

. 8.  Scene Brishtness at Various-locations and Times

For a given day, time a.nd geosraphical locat.ion, film exposing
brightness is computed using equation (3) below to determine -
solar altitude and Pigure 8 to determine scene brightneas a.t Y
;&huMmuumh N

, ."if Such conaiderations can’; be made’ for. any. gihven'set_‘of‘ operational B
latitudes for a given misaion at 'amr‘ date of the yea.r , .

b. | Brighlneas reguired for Given Expoaure Time and Iens-l"ilm
Combination : A

Calculation of scene bright.ness required for a gnren exposure
time can be made utilizing eguation ().

B = K.C 72 o (B)
- TT.8 , .

vhere: B = Scene Brightness (foot-lamberts)
K = Constant defining working density on f£ils
negative (0.5)
C = Pilter factor (transmission reduction) (2. O)
t = Effective exposure time (sec.)
8 = Bmulsion sensitivity rating
T = T.Stop number

In all calculations, film speed criterdia should be chosen so
as to place the various scene brightnesses on the film in a
manner that will allow maximum utilization of inherent f£1ilm
resolution (vhich is a function of exposure and f£ilm proces-
sing) and that will result in a minimum of 1 stop exposure
latitude for the given scene brightness ratio.
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c. Resolution Degradation Resulting from Image Motion

Ex“erim.nt&l work in cozrecricn with va.rying arcunts of relative
motion (motion between film and image) have been performed
(Romer! and Gregory<) showing the degradation in resolution with
motion.

Thesge experiments were carried out vith actua.l lens-fiim-camera
combinations and with precisely controlled motion being intro- _: o
duced to obsex've the, d.egradation.;, '.mese datavare plotted in;e /

% that evaluation at this time’ &re ‘gener ' : 'tem of x"esolution
s ine unes per millimter.",_ c ik
L proposed system in terns’ ot-:"Dynamic System Resolution. < Ia doing 80 all of

* the known degredaticn’ factors are’ considered’and their ‘effect on, the finsl-

" resolution is predicted. To prevent misinterpretation of the results of. anch

Faire hilc}__haa approa.ched the evaluation of ax

1

8 method of analysis it is important to notethat the value reported is the
resultant resolution under extreme conditions. By observing past results of
experimentation such as performed by Boston Unlversity Optical Research labs it
vill be appa.rent that these conditions exist on a:small percentage of the time.

. At guch time as the values of vehicle or camera stsbility, FIC error,
vibrations etc.:are known with some degree of certainty the complete
analysis can be md.e

Bupersonic Consideratinns

It should be pointed out that a photographic reconnaissance system from a
supersonic vehicle must consider the effects of shock wave and boundary layer
on both photographic quality and photogrammetric quality. The consideration
is divided into these two catagories mainly because of the two types of cemeras
aboard the aircraft. '

In general past experimentation has shown very small effects on photographic
quality and therefore should not be of great concern in the proposed mission.
The photogrammetric effect is still under evaluation and no specific data is
available at this tims.

*¥1) "Suppression of image Movement in Rir Photography" W. Romer, D. Techn. Bo.,

Poland, F. Inst.P., F.R.P.S.Royal Aircraft Establishment, Farnsborough, Hants,Englend.

2) “"Interim Reports on the Effect of Image Movement on the Definition of Air
Photographs” - J.M.Gregory, Kodak Research labs; krmw,!ngland ATll65071+
F52-2-1947 Beel c-6723.

- 13 -
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STABILITY REQUIREMENTS

The photographic quality of any reconnaissance: system relies to
some extent on the stability of vehicle. To design against the worst -
vind gust that may be imparted to the vehicle and still obtain high
acuity photographic results wuld uﬁduely penalize the entire system. \
In some installations the’ stabilization of. the photographic semsor . - ' /

‘can be obtained by a special"camera nount.gb ‘me‘Steadiness capability

5,

bé considexéd”in" teminingathe degra.detion

o stability £0.be: mde thig: timg_ ‘to. keep in’ t.he foreground of ’
planning the ordcr of angn~ tude of 'tability required. e

To arriv'e at suc.h a va.lm 1t 1s’ necessary to a.ssume some o
reasonable values of shutter speeds to be used in the final installation.
For a preliminary estimate this is taken as 1/500 second. Figure 10
-~ is a plot of the resulting relative motion for two focal. lengths a8 a
' function of the stability requiremente of the vehicle agsumming no |
stabilized mount. It is very important to note that in wvorking with
such & plot in’connection with degradation of resolution (figure 9) -
the stability of the vehicle only is considered. Other factors such
as degradation as a function of IMC error, vibration, aperture, etc.
must also be considered. It is considered ipappropriate to carry on
further exact calculations of the stability requirements at this time.
. Suffice it to say the camers stability should be held to a fra.ction
of a degree per second in roll and pitch.

"":'_"}'} ’ - ' - 14 -
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MAPPING CAMERA REQUIREMENTS ‘ !

The requirements for a mapping capability from the design altitude
.of this vehicle are severe when compared to normal mapping technique.
As such, it is belleved that a specific effort should be made to' . .- '’ ~
produce photogrephs which are at the practical linit in the state-of-the- -
5w  art of mepping cameras and lenses.: ... . .- e 5 ;

. The' horizon to' horizon requirement’

imitation®of;

exists

Probléms’ ith:respect. to’date reduction 1
installation of &' panora seratin a
anticipated here caus

2077 In the case of a:rotating Prism type camera to perforn the horizon’’
© " " to horizon scan’the’ installation requires e: "swall” bubble be’ inserted- -

" fnto the slip stream of the vehicle which ié‘i‘_cdnsidémd_ uhsatia(‘a.'c.tory;":'

If & solution to this particular aspect of the window problem can
: be obtained there remains a second serious consideration of stabilization
- to e vertical. Any attempts to stabilize a rotating prism panoramic .
must consider the distortions introduced by misalignment of the center of
prism rotation with.the geometrical center of the bubble. Additionally
there remains in this type panoramic camera the problem of photogrammetric
meagurements to be made vhen utilizing & camers whose film is "theoretically"
synchronized with the prism rotation. , :

. - .
In the case of & "chimney" type reccramic experience has shown that
the maximum practical engle of scen is 120°- far from the horizon to

horizon coverage required. Again the window problem isa serious consideration
for even the 120° scan angle. :

Fairchild has made a preliminary design of a 3" £3.5 lens ultraprecision
mapping camera vhich will allow an installation to be made as the we1l known
“TRI-MET installation,” i.e., one vertical camera and two cameras at 60° off

the vertical, thus, reducing to an absolute ninimum the problem of the window
in this type vehicle. » '

PrEA
o TV

- 15 -
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~

This camera is shown in figure 11 with pertinent dimensions
and the basic Tri-Met relatlonship. :

- . The camere will be a pulse mode operated ultraprecision mapping
camera with a wide angle Baker 3 f3 5 "distortionless lens covering
a format of h-l/2 x h—l/a" L Ny

P ﬂattening t.heAtu.m need not: be’ providedh ; ‘me leris_ resolution
o ' will be above 60 lines/nm, AWAR on’Plus X film. Distortion
error will be less than five microns in the maJor por'tion of . o
- - the field and not more than ten microng throughout the field. S
o : : A Minug Blue rilter vill be provided with the lens. '

. 3. The Rapidyne Shutt.er, repres’enting the mo’st adva.ncéd design
in high efficiency high speed between-the-lens shutters will
be utilized. This basic shutter has been & stendard part of
the -11 and KC-1 cameras and bas a proven relisdbility record
well in excess of 20,000 cycles. The shutter will be tripped
by means of an electronic timer and will have continuously
veriable shutter speeds from 1/50 to 1/700 of a second total
open time.

k. The magazine will be designed to accomodate 200 feet of thin
base aerial film S" wide.

5. Provision can be made for either digital ¥inary recording of
pertinent flight data, orm the recording of data instruments
through & system of internal lighting and recording lenses.
Fiducial markers accurstely locating the principle point of
the lens will Ve recorded with both e.rtificial and natural
light. .

N
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The estimated camera weight will be 30 1lbs. of which the lens
will be a.ppzoximtel,y 8 1lbvs.

. The pmposed camera indicated in figure u is also shown in
, -the Lnstalhtion dmvings of the various types of pa.noramic cameras.

. Ground Intell ience Bupport Bquipent

vfiln can. only, be after proper processing on the 0 In. tl
case of both canera typea -wprimry:ﬁ_reconnsiasance camern and
pre map s 1sed prevent ‘

SR Depending upon' the ‘schedules. of flights to' be made the equipments . .-
. and techniques well known today will be edeguate. If a particuidrly
. heavy flight schedule is a.nticipnt.ed in terms of flights per month .
. other proven techniques can be utilized to give the proper scheduling
to provide interpretation and photosrametric analyais. The later is
- particularly adaptable to high speed electronic computers after initial -
programming for the target location function. Continuous plotting of -
planimetric detail and to some entent topography be done by conventional
high accuracy plottere to produce acceptable maps.
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